The Early Days of the Indifferent Gas Method for Measuring
Cerebral Blood Flow
The first use of the indifferent gas method for measuring cerebral blood flow stands out as one of the beneficial side effects of World War II. Like many of our contemporaries, the members of our laboratory at the University of Pennsylvania were working under government subsidy when Seymour Kety joined our staff in 1944. This support made it possible for us to afford monkeys as experimental animals and to devise a method for measuring cere bral blood flow quantitatively in an animal whose cerebral circulation resembles that of humans in most essential respects (Dumke and Schmidt, 1942; Kety and Schmidt, 1945; Schmidt et aI., 1945) . Kety became a member of the group engaged in such ac tivities and added a pair of willing hands and sensi tive ears to the department's resources.
He had been so engaged for about a month when he came to me one day with the astonishing pro posal that we attempt to measure cerebral blood flow in man by making use of the familiar Fick principle.
This principle postulates that the quantity of a given substance taken up by an organ from the blood perfusing it is equal to the amount carried to the organ by the arterial blood minus the amount re moved by the venous drainage during the same pe riod (Kety and Schmidt, 1948) . Its most familiar form is in the calculation of cardiac output from the measured oxygen consumption and the oxygen content of the arterial and mixed venous blood.
Thus, if the oxygen consumption is 0.250 Llmin, the arterial oxygen content 20.00 vol %, and the venous content 15.00 vol %, we have 0.250/(20 -15) = 5 Llmin, which is the volume of blood required to carry that amount of oxygen from the lungs at the prevailing blood levels.
Kety readily agreed that the volume of oxygen consumed by the brain is unknown and, indeed, that it was one of the major gaps to be filled. But he pointed out that an indifferent gas would serve the purpose quite as well, and he suggested nitrous oxide in low (15%) concentration for the purpose.
He had already tried the gas in a dog, collecting cerebral venous blood from the torcular Herophili.
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The results were as follows: the arterial nitrous oxide level rose steeply after inhalation began, but it quickly reached a peak level and remained there as long as the inhalation continued. Venous nitrous oxide content rose more slowly but usually reached a level equal to the arterial level in about 10 min.
Here the amount of nitrous oxide carried away from the brain equals that brought to it, and the whole system can be assumed to be in equilibrium with respect to nitrous oxide. In this way the numerator of the Fick equation-the volume of nitrous oxide taken up by the brain in a given time-can be cal culated by means of a simple solubility coefficient.
The denominator, however, is not a single number, but rather the area between the arterial and venous curves. For reasons given by Kety Schmidt, 1945, 1948) , the integral of the arteriove nous nitrous oxide difference is used in the calcula tion. This is the denominator of the Fick equation for calculating cerebral blood flow. Nine such measurements were reported in Kety's first publication . The agreement was surprisingly good. In Kety's own words, "It is fair to state that not many indirect clinical measurements in widespread use today have been subjected to the rigorous test of compari son with direct measurement." From this time on Kety was the leader of the new enterprise. The first application was in a study of the effects of active and passive hyperventilation by a group of conscientious objectors who were as signed to us for the purpose. These men were highly intelligent and did not object in the least to serving as guinea pigs for the first use of the method. The results were striking and definitive (Kety and Schmidt, 1946) , but by the time they appeared in print their importance had been overshadowed by the course of the war in Europe. It is noteworthy, however, that the rapid development of clinical mea surements of cerebral blood flow was considerably abetted by the availability of the conscientious ob jectors used in these early experiments.
With the end of the war we had an opportunity to remember that the work that had preceded and made possible Kety's successful measurements of cerebral blood flow and cerebral oxygen consump tion in man had been subsidized by a continuing grant from the National Committee for Research in Dementia Praecox. Therefore, the next application of the new method was in a group of schizophrenic patients. The results were entirely negative as far as total cerebral blood flow and oxygen consumption were concerned, although local changes confined to small but important regions could not, of course, be excluded. This was Kety's first experience with pa tients suffering from mental disease, and no doubt it had something to do with his subsequent career as Professor of Psychiatry at Harvard.
In retrospect, I can see the fine hand of destiny at work here. If Kety had gone elsewhere than to the only laboratory in the world in which quantitative measurements of cerebral blood flow were being made, he probably never would have had an occa sion to devise his method. If he did devise it, he could never have tested its qualifications in com parison with direct measurements. If the effects of hyperventilation on the human cerebral circulation had not been a matter of importance to our Depart ment's war effort, he would not have had the ad vantage of a group of subjects unusual in many re spects, including their willingness to suffer a little J Cereb Blood Flow Metabol. Vol. 2, No, I, 1982 discomfort or pain in return for their status as con scientious objectors. Both factors greatly shortened the time required to establish the new method, which came into widespread use almost immedi ately after Kety's first publication .
Obviously, however, the chief factor in this entire course of events was Kety's originality. Many others had seen curves similar to those used by him to obtain both numerator and denominator of the equation for calculating cerebral blood flow. Many others had come to the conclusion that, in view of known species and regional differences in the cere bral circulation, definitive results must be obtained only from man himself. The fact remains that the practical solution of the problem was entirely the result of Kety's wisdom.
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